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The Bonneville Power Administration and the U.S. Bureau of Reclamation are
funding the construction and evaluation of fish passage and protection
facilities at irrigation and hydroelectric diversions in the Yakima River
Basin, Washington State. This construction implements Sections 903(d) and
803(b) of the Northwest Power Planning Council's 1984 and 1987 Columbia
River Basin Fish and Wildlife Program. (a) The program provides offsite
enhancement to compensate for fish and wildlife losses caused by
hydroelectric development throughout the Columbia River Basin, and
addresses natural propagation of salmon to help mitigate the impact of
irrigation in the Yakima River Basin.

The Wapato. Chandler, and Easton screens are three of the juvenile
screening facilities. This report evaluates the flow characteristics of
the screening facilities. Studies consisted of velocity measurements taken
in front of the rotary drum screens and within the fish bypass systems
during peak flows. Measurements of approach velocity and sweep velocity
were emphasized in these studies: however, vertical velocity was also
measured. Results indicate that velocity patterns within the screening
facilities often differ from design specifications, but are generally
conducive to effective fish bypass.

. .
(a) NPPC (Northwest Power Planning Council). 1984. s

Basin Fish and Wildlife Program. Northwest Power Planning Council,
Portland, Oregon.

NPPC (Northwest Power Planning Council).
. .1987. V. . . .as in Fish and Wildlife Programm . Northwest Power Planning Council,

Portland, Oregon.
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ABSTRACT

The Pacific Northwest Laboratory (PNLI(a) measured the velocity conditions
at three fish screening facilities in the Yakima River Basin: Wapato.
Chandler, and Easton Screens. The measurement objectives were different at
the three screens. At Wapato. approach and sweep velocities were measured
to evaluate the effect of rearing pens in the screen forebay. A complete
survey was preformed at the Chandler Screens. At Easton, velocity was
measured behind the screens to provide information for the installation of
porosity boards to balance flow through the screens.

Salmon-rearing pens used at the Wapato Canal had a minimal effect on the
magnitude of approach and sweep velocities at the face of the drum screens,
although the pens caused increased turbulence and variability in water
velocities. The net pens did not appear to affect flows through the three
fish bypasses.

Approach velocities at the Chandler Screens ranged from 0.1 fps at the
upper end of the screening facility to >0.5 fps at the downstream end of
the facility. Sweep velocity was generally <l.O fps in the screen forebay,
especially under the curvature of the drum screens. Low sweep velocities
and elevated approach velocities under the curvature of the drum screens
result in velocity conditions that do not meet the design criteria
standards. Flow through each of the three fish bypasses was X2.0 fps.
Sweep velocity in the separation chamber was <l.O fps at 0.8 of the depth.
Approach velocity at the face of traveling screens in the separation
chamber was X0.5 fps. Water velocities in the fish return met design
criteria.

Approach velocities at the Easton Screens varied from 0.1 fps to >0.6 fps
from the upstream to the downstream end of the screening facility.
Imbalanced flows throughout the screen array may be partially attributable
to water flow around a bend in the canal upstream of the screen forebay
that results in high sweeping velocity along the outer wall of the screen
forebay.

(a) The Pacific Northwest Laboratory is operated by the Battelle Memorial
Institute for the U.S. Department of Energy under Contract
DE-AC06-76RL0  1830.
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DUCTION

The Pacific Northwest Electric Power Planning and Conservation Act (Public
Law 96-501) was passed to enable preparation and implementation of a
regional Conservation and Electric Power Plan. The Northwest Power
Planning Council administers the plan, and is charged with developing a
program to protect and enhance fish and wildlife populations and to
mitigate adverse effects from development, operation, and management of
hydroelectric facilities.

The Yakima River Basin was selected as one site for enhancement of salmon
(Oncorhynchus  spp.). Under the Plan, the Bonneville Power Administration
(BPA) and the U.S. Bureau of Reclamation (BR) are funding the construction
of fish passage and protection facilities at 20 existing irrigation and
hydroelectric diversions in the Yakima River Basin (Figure 1).

The improvement of fish screening facilities in irrigation canals is a
major component in the overall fisheries enhancement program. Hydrologists
and biologists from various agencies, including the National Marine
Fisheries Service (NMFS). the Washington Department of Fisheries, and the
Yakima Indian Nation (YIN) provided input for the design of the new
facilities. The angled rotary drum screen design was chosen as the best
alternative for fish screening in irrigation canals.

Pacific Northwest Laboratory (PNL) conducted fisheries evaluations at six
of the new fish screening facilities from 1985 through 1989 (Neitzel et al.
1985; 1987; 1988; 1990a; 1990b). The scope of the studies included the
quantification of injury and mortality, predation, and passage
effectiveness for emigrating salmonids: however, it did not include
evaluating hydraulic characteristics within the screening facilities. The
hydraulic conditions in front of the drum screens as well as within
components of the fish guidance system (fish bypasses, separation chamber,
and fish return slot) are critical in providing optimum conditions for safe
fish bypass. The screens were designed to provide an approach velocity
(perpendicular to the screens) of 0.5 feet per second (fps) or less to
minimize impingement of fish and a sweep velocity (parallel to the screen
face) of at least twice the magnitude of the approach velocity to guide
fish into the bypass system (Easterbrooks 1984).

Inadequate sweep velocities, excessive approach velocities. or unequal
discharges through the drum screens and fish bypass system have been
observed at several of the screening facilities during our fisheries
evaluations. These flow pattern anomalies can affect the overall
efficiency of a facility. Velocity measurements were taken at six screen
sites in 1988 (Abernethy et al. 1989) to monitor the actual velocity
characteristics at selected facilities during normal operation, as defined
by the operating criteria for each facility.
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FIGURE I. Yakima River Basin Fish Screening Facilities and Other Fish
Protection and Passage Facilities
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This report describes additional velocity measurement studies conducted by
PNL staff at the Wapato, Chandler, and Easton Screens in 1989. It
describes the equipment and methods used to measure the hydraulic
characteristics and the operating conditions at each facility during data
collection, and summarizes the results and conclusions. The raw data are
included in three appendixes (one for each site) to allow independent
analysis of the data.
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MFTHODS

Three monitoring protocols were used in our data collection based on the
objectives of the measurements at each site. Measurements were taken at
the Wapato Screens to evaluate the effect of the use of salmon-rearing pens
in the canal forebay on flow parameters in front of the drum screens.
Velocity readings for the X (approach velocity) and Y (sweep velocity)
components were taken at 0.2 and 0.8 of the water depth in front of each
drum screen and at the head of each fish bypass one day before and one hour
after the net pens were removed from the Wapato Screens forebay. A
complete survey, which included measurements at 0.05, 0.2, 0.5, 0.8, and
0.9 of the water depth in front of the drum screens and at 0.2 and 0.8 of
the water depth in components of the fish bypass system was performed at
the Wapato Screens in 1988 (Abernethy et al. 1989).

A complete survey was performed at the Chandler Screens. Velocity
measurements were taken at 0.2 and 0.8 of the depth in front of each of the
drum screens, in the fish bypasses, and in the separation chamber.
Additional velocity measurements were taken at 0.05. 0.5, 0.8. and 0.9 of
the depth in front of drum screens adjacent to each fish bypass (Figure 2).
Velocity readings were taken to measure the X (approach velocity). Y (sweep
velocity), and 2 (vertical velocity) components at all locations.

Water

\-__-_______-___

Concrete Screen
Bay Structure,

Probe-Positioning Rod
\

lrface \.
II

-0.05

- 0 . 2
Water Flow

- 0 . 8

@ Probe Location

FIGURE. Measurement Depths and Probe Positioning Relative to the Front
Face of Rotary Drum Screens in Complete Surveys



Velocity measurements were taken at 0.2 and 0.8 of the depth behind each of
the drum screens at the Easton Screens to provide information for porosity
board placement to balance flows through the screens. No flow measurements
were taken in front of the drum screens or in the fish bypass system.

Electromagnetic water current meters were used to monitor water velocities.
Each meter used a bidirectional probe (Figure 3). Probes were mounted in
pairs at the Chandler Screens so that one measured the X and Y and the
other measured the Y and Z velocity components at a given depth. The
vertical velocity (Z) component was not measured at the Wapato and Easton
Screens: therefore, only one probe was necessary at each measurement
location. A smaller electromagnetic water current meter, which measures
flow in one direction only, was also used at the Easton Screens to compare
the data obtained from different instruments. Outputs were read visually
from panel gauges.

The meter probes were securely fastened to a horizontal arm that extended
from a movable sleeve secured to a vertical pole. The length of the
horizontal arm and the position of the sleeve on the vertical pole were
adjustable. The probe support assembly was positioned at least 18 in.
downstream or outside of the sensors so that the vertical pole and
horizontal bracket arm would not disrupt velocity readings at the probes.

PROBE POSITIONING

The position of the probes was adjusted for each of the measurement
locations within the facility. Measurements were taken in or near the drum
screens, fish bypasses. separation chamber, vertical traveling screens, and
the fish return.

Cross Section of Probe

4 +Y

FIGURE. Bidirectional Electromagnetic Probes Used in Velocity
Measurements
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Measmments Near Drum Sm.e.u

For velocity measurements at the Wapato and Chandler screens, the vertical
pole was positioned close to the perimeter in front of the screen; however.
none of the components of the probe assembly were in contact with the
screen face. The bottom of the pole rested on the forebay floor, and the
top end of the pole was clamped to a fixed object, such as the gantry frame
or a girder. Measurements at 0.2, 0.5, and 0.8 of the depth were taken by
mounting the probes on a horizontal arm pointing upstream (Figure 4). and
measurements near the screen face at 0.05, 0.8, and 0.9 of the depth were
taken by mounting the probes on a horizontal arm pointed inward toward the
face of the screen. The length of the horizontal arm required to position
the probes close to the screen face was calculated based on screen
diameter, water depth, and the position of the vertical pole relative to
the perimeter of the screen. The set of probes was within 5 (1~11 in. of
the screen face for the near-screen measurements. The drum screens are
constructed at an angle to the canal flow: therefore, all measurements were
taken with the probe orientation parallel and perpendicular to the screen
face, not to the canal flow. All velocity measurements were taken at the
centerline of the screen.

b Vertical Probe Support Rod

Ad
Ho
PI

0
A Probes Pointed Upstream from Vertical Rod

(Measurements at 0.2. 0.5. and 0.8 of the Depth)

0
B Probes Pointed Towards Screen Face

(Measurements at 0.05. 0.8a. and 0.9 of the Depth:

FIGURF 4. Relationship of Probe Support Assembly to Probes During
Velocity Measurements
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For velocity measurements at the Easton Screens, the vertical pole was
positioned at the centerline of each drum screen about 15 in. from the
screen surface on the back side of the screen. The horizontal arm
supporting the probe for the bidirectional flow meter was oriented upstream
so that the X and Y components could be measured. The probe for the
unidirectional flow meter was pointed directly at the screen face, then
slowly rotated to achieve the highest stable reading on the panel gauge.

.Measurements in the Fish Bypasses

Measurements were taken at 0.2 and 0.8 of the depth at the centerline of
the 24-in.-wide fish bypasses at the Wapato and Chandler Screens. All
bypasses had submerged ramps to guide fish and water up from the bottom of
the screen structure and over an adjustable weir at the back of the ramp.
The probes were positioned about 18 in. upstream of the ramp. This
positioning generally placed the probes within the concrete structure of
the bypass.

ation Chamber

Measurements were taken at 0.2 and 0.8 of the depth in transects across the
width of the separation chamber at the Chandler screens. Transects were
made upstream of the vertical traveling screens and at the centerline of
each traveling screen. The traveling screens were constructed
perpendicular to the separation chamber flow, with the outer wall (distal
to the traveling screens) angling toward the screens. The probes were
positioned pointing upstream parallel to the traveling screens. Turbulent
areas where bypass flows mix at the head of the separation chamber were not
evaluated.

Measurements Near Vertical Traveling Screens

Measurements were taken at 0.2 and 0.8 of the depth at the face of the
traveling screens. The probes were positioned parallel to the screen face
at the centerline and in the upper and lower quadrants at the Chandler
Screens. The measurements along the screen face and the transects across
the separation chamber merged to form a "T" pattern of velocity
measurements.

Measurements in the Fish Return

Velocity measurements were taken at 0.2 and 0.8 of the depth in the fish
return at the Chandler Screens near the upstream end of the fish return
slot. The vertical pole was positioned upstream of the submerged approach
ramp, but within the concrete structure of the fish return slot.

8



DATA COllECTION AND ANALYSIS

Ten sets of velocity measurements were recorded in a 3- to 5-min interval.
Each set of readings provided a "snapshot" of all velocity measurements.
Beginning and ending times were recorded for each series of data. Unusual
operating or canal flow conditions were recorded as "Notes" on the data
sheets. Analyses and comparisons were performed using the means of the
data.



CRIPTION OF CONDITIOblS  AT FACH SITF

Our data were collected during the peak of the irrigation season under the
existing operating conditions at each site. The Chandler Canal was not at
full capacity because of the frequent flow adjustments required to meet in-
river flow obligations during periods of low river flow. Surface elevation
and/or forebay depth were determined from staff gages at each site. Actual
daily canal flows were provided by the Bureau of Reclamation. Unusual flow
or operating conditions were recorded at each site.

WAT0 MAL

The Wapato Screens (Figure 5) are located in the Wapato Canal on the right
bank of the Yakima River at RM 106.7. The facility consists of 15 rotary
drum screens (14 ft diameter, 24 ft long) and a fish bypass system that
includes three fish bypasses (two intermediate and a terminal), a
separation chamber with two bypass water recovery pumps located behind
vertical traveling screens, and a fish return. The YIN uses the Wapato
Screens forebay to house three pens for rearing fall chinook salmon
( 0. iwlawytscha) . The floating pens are attached to the outer wing wall
opposite the screens near the second fish bypass (Figure 6).

FIGURE. Locations of Facility Components and Rearing Pens at the Wapato
Screens, Spring 1989
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FIGURE. Pens Used by the Yakima Indian Nation to Rear Fall Chinook
Salmon in the Wapato Screens Forebay

The forebay elevation is about 935 ft at the maximum canal flow of 1800
cubic feet per second (cfs). The first series of measurements was
conducted at the Wapato Canal on June 1 and 2. 1989. Canal elevation was
934.9 ft, and the canal flow was 1830 cfs. Water depth in front of the
screens was 140 in. Of the 168-in. drum screen diameter, 132 in. (79%)
were submerged. We used the submerged screen depth as the basis for
calculating probe positioning.

All operating conditions were normal (Appendix A) with the following
exceptions:

l The vertical traveling screens in the separation chamber were not in
service.

. Rotary drum screens 6 and 11 were not operational.

l Three YIN salmon-rearing pens were in use in the screen forebay.

The second series of velocity measurements was completed on June 5 and 6.
1989, after the YIN salmon pens were removed from the canal forebay. The
surface elevation in the canal was 934.85 ft, and the canal flow was 1850
cfs. All other operating conditions were the same as during the first
series of measurements except that the three salmon net pens had been
removed.

12



LER CANAL

The Chandler Screens (Figure 7) are located in the Chandler Canal on the
right bank of the Yakima River. The head gates of the Chandler Canal
withdraw water from the Yakima River at the Prosser Diversion Dam at RM
47.0 near Prosser. Washington. The facility consists of 24 rotary drum
screens (13.5 ft diameter, 12 ft long) and a fish bypass system that
includes three fish bypasses (two intermediate and a terminal), a
separation chamber with four bypass water recovery pumps located behind
vertical traveling screens, and a fish return. The forebay elevation is
about 631 ft at the maximum canal flow of 1400 cfs.

A complete survey was conducted at the Chandler Screens on July 26 to 28,
1989. Canal elevation was 630.1 ft. and the canal flow was 1050 to
1100 cfs. Water depth in front of the screens was 112 in. Of the 162-in.
drum screen diameter, 108 in. (67%) were submerged. We used the submerged
screen depth as the basis for calculating probe positioning.

All operating conditions were normal Appendix A) with the following
exceptions:

l Screen 23 was inoperable and stoplogged shut.
- Only two of the four bypass water return pumps were operating.

Chandler Canal

o Two Depths
l Five Depths

FIGURE. Locations of Facility Components at the Chandler Screens,
Spring 1989
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EASTON CANAL

The Easton Screens (Figure 8) are located in the Kittitas Main Canal on the
right bank of the Yakima River at RM 202.5 near Easton, Washington. The

facility consists of 18 rotary drum screens (15 ft diameter, 12 ft long)
and a fish bypass system that includes two fish bypasses (intermediate and
terminal), each with a flow of 20 cfs, and a fish return. The maximum
canal flow is about 1200 cfs. Flow measurements were taken at the Easton
Screens on June 14 and 15. 1989 with a canal flow of 1130 cfs. Water depth
behind the screens was 139 in. All operating conditions were normal
(Appendix A).

Drum Screens

FIGURE. Probe Locations for Flow Velocity Measurements at the Easton
Screens, Spring 1989
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RFSUI TS

The objective of our velocity measurements differed at each of the three
sites. Velocity measurements performed at the Wapato Screens evaluated
flow conditions near the drum screens relative to the use of salmon-rearing
pens in the screen forebay.
Chandler Screens.

A complete survey was performed at the
Velocity measurements performed at the Easton Screens

evaluated flow balance through the array of screens.

WAPATO SCREENS

Velocity measurements taken before and after the removal of three salmon-
rearing pens from the Wapato Screens forebay indicated that although the
pens had only a minimal effect on actual approach and sweep velocities at
the face of the drum screens, the pens contributed to increased turbulence
and instability of the water flow. Swirls and turbulence at the face of
drum screens could result in intermittent increases in approach velocities.
The net pens did not appear to affect flows through the three fish
bypasses.

The magnitude of the approach velocity was not affected at 0.2 of the depth
(Figure 9). 0.8 of the depth (Figure 10). or under the curvature of the
screens at 0.8 of the depth (Figure 11). Variability of the approach
velocity was greater at the two 0.8 readings when the pens were in use.

2 Range and Mean With Pens$ Range and Mean With Pens

II Range and Mean Without PensRange and Mean Without Pens

1l-
Maximum Designed VelocityMaximum Designed Velocity

TT \\
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FIGURE 9. Approach Velocity at 0.2 of the Depth in Front of Drum Screens
at the Wapato Canal, Spring 1989
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FIGURE 10. Approach Velocity at 0.8 of the Depth in Front of Drum Screens
at the Wapato Canal, Spring 1989
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FIGURE 11. Approach Velocity at 0.8 of the Depth Under the Curvature of
Drum Screens at the Wapato Canal, Spring 1989
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Sweep velocity increased at 0.2 of the depth (Figure 12) and decreased at
0.8 of the depth (Figure 13) when the net pens were removed. Sweep
velocity under the curvature of the drum screen at 0.8 of the depth was
only slightly affected (Figure 14). Variation of the sweep velocity
measurements was greater at all three of the measurement locations when the
pens were in use.

Flow was balanced through the three fish bypasses both with and without the
pens in the forebay. Velocity in each of the bypasses increased at 0.2 of
the depth and decreased at 0.8 of the depth when the pens were removed
(Table 1).
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FIGURE 12. Sweep Velocity at 0.2 of the Depth in Front of Drum Screens at
the Wapato Canal, Spring 1989
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FIGURE 13. Sweep Velocity at 0.8 of the Depth in Front of Drum Screens at
the Wapato Canal, Spring 1989
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TABLE 1. Approach Velocities (fps) at the Head of Fish Bypasses at the
Wapato Canal, Spring 1989

0.3 Depth 0.8 Depth
Bypass With Pens Without Pens With Pens Without Pens

#
1 1.57 1.76 1.56 1.28

2 1.79 1.97 1.57 1.25

3 1.68 1.79 1.44 1.21

LER SCREENS

Velocity measurements varied throughout the facility. The variability
resulted in measurements being different from the design criteria.

Approach velocity exceeded 0.5 fps by more than 10% at 12 of the 76
measurement locations (Table 2). Most of the high approach velocities
occurred under the curvature of the drum screens at 0.8 and 0.9 of the
depth. Approach velocity was low in front of screens at the upstream end
of the facility but nearly equal to the 0.5-fps standard in front of
screens at the downstream end of the facility. Wing walls had little
affect on approach velocity.

Sweep velocity resulting in less than a 2:l sweep-to-approach ratio
occurred at 13 (17%) of the 76 measurement locations, and was <l.O fps at
40 (53%) locations. Low sweep velocity was most evident at 0.9 of the
depth. Sweep velocities under the curvature of the drum screens at 0.8 of
the depth were comparable to sweep velocities measured in front of the drum
screens; however, the high approach velocities under the curvature of the
drum screen resulted in a poor sweep-to-approach ratio. Sweep velocity was
low in the upstream third of the facility, highest in the middle third of
the facility, and slightly reduced in the downstream third of the facility.

Vertical velocity was generally low throughout the facility. Disruptions
in flow associated with vertical movement of water, such as upwelling and
swirling, were not evident during our sampling.

Flow through the terminal fish bypass (bypass 3) was lower than through the
two intermediate bypasses, based on sweep velocity measurements taken in
the entrance of the three fish bypasses (Table 3). Additionally, overall
fish bypass flow was less than is specified in the operating criteria.
Only two of the four pumps in the separation chamber were operating during
our measurement series.
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T TABLE     Summary of Approach (X), Sweep (Y), and Vertical (Z) Velocity Measurements (fps) in Front of the
Drum Screens at the Chandler Canal. Summer 1989

0.20.80.050.50.8oe
ScreenX Y Z X Y Z X Y Z X Y Z X Y Z X Y Z

1

2
3
4
5
6
7

8

9
10

=:
11
12
13
14
15

16
17
18
19

20
21
22
23

24

0.10 0.48 -0.06

0.10 0.60 -0.09
0.11 0.71 -0.13

0.18 0.86 -0.07

0.20 0.87 -0.12
0.20 0.90 -0.11

0.29 0.97 -0.09

0.30 0.92 -0.12
0.35 1.10 -0.11
0.30 1.17 -0.13
0.30 1.23 -0.13
0.30 1.27 -0.10
0.30 1.04 -0.12

0.30 1.24 -0.10

0.40 1.02 -0.06

0.40 1.18 -0.03

0.50 1.27 -0.12
0.39 1.18 -0.13
0.41 1.17 -0.12

0.40 0.99 -0.12
0.40 1.25 -0.12
0.50 1.05 -0.11
Not in operation

0.49 0.98 -0.10

0.20 0.33 -0.02

0.10 0.55 -0.03
0.13 0.62 -0.04

0.19 0.72 -0.01

0.20 0.75 -0.03

0.21 0.78 -0.05

0.27 0.73 -0.01

0.28 0.68 -0.02

0.39 0.77 0.05

0.34 1.16 -0.10

0.30 1.10 -0.06
0.30 1.07 -0.04

0.30 1.07 -0.04

0.30 1.00 -0.01

0.32 0.98 0.02

0.32 0.91 0.33

0.74 0.86 -0.06

0.49 0.98 -0.05

0.48 1.02 -0.08

0.48 0.94 -0.07

0.52 0.80 -0.06

0.54 0.65 -0.01

0.50 0.94 -0.02

0.24 0.92 -0.09 0.27 0.88 -0.08 0.70 1.82 -0.12 0.35 0.58 0.13

0.29 0.94 -0.17 0.28 0.79 -0.07 0.76 1.79 0.29 0.38 0.43 0.10

0.30 1.14 -0.09 0.37 1.02 -0.14 0.79 1.69 -0.38 (b) (b) (b)

0.31
0.40
0.50

0.40

0.50

1.27 -0.08 0.36 1.12 -0.04 0.48 1.08 0.09 0.50 0.77 0.10

1.14 -0.06 0.39 1.06 0.04 0.58 1.19 0.13 (b) (b) (b)
1.26 -0.10 0.59 0.88 -0.17 0.83 0.92 -0.15 0.83 0.63 0.01

1.15 -0.10

1.21 -0.10

0.48 0.90 -0.06 0.67 0.97 -0.07 0.74 0.58 0.08

0.51 1.03 -0.05 0.70 1.16 -0.01 0.69 1 .Ol 0.10

(a) Measurement made under curvature of the screens: all others made in front of screens.
(b) Obstruction under the screens: no data.



TABLE 3. Summary of Approach (X), Sweep (Y), and Vertical (Z) Velocity
Measurements (fps) at the Entrance to the Fish Bypasses at the
Chandler Canal, Summer 1989

0.7 Depth 0.8 Depth
Bypass X Y Z X Y Z

1 -0.06 1.98 0.11 0.24 1.18 0.21
2 -0.11 1.73 0.19 -0.23 1.49 0.31
3 0.06 1.38 0.24 -0.54 1.26 0.47

Sweep velocity in the upstream end of the separation chamber is surface-
oriented (Figure 15, Table 4). Sweep velocity at 0.8 of the depth
increases from zero at the upstream end of the separation chamber to about
60% of the sweep velocity at 0.2 of the depth near the entrance to the fish
return slot. Based on the cross-sectional area in the fish return, the
fish return flow was about 25 cfs, with slightly more water entering the
fish return from the surface.

Approach velocity was less than 0.5 fps at the face of the first traveling
screen (Table 5. Figure 16). The lack of sweep velocity at 0.8 of the
depth observed in velocity measurements in the upstream end of the
separation chamber persisted in front of the first traveling screen.
Because of limited accessibility, no measurements were taken in front of

screen.the second traveling

Traveling Screen 1 Traveling Screen 2 I Fish Return

- 0.2 Depth
--------    0. 8 Depth

FIGURE 15. Flow Patterns (Plane View) in the Chandler Screens Separation
Chamber as Described by Velocity Data and Visual Observations
of the Water Surface
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TABLE 4. Summary of Approach (X1, Sweep (Y), and Vertical (Z) Velocity
Measurements (fps) in the Separation Chamber and Fish Return at
the Chandler Canal, Summer 1989

0.2 0.8
Transectta) Position(b) X Y Z X Y Z
Upper Outer 0.52 1.67 -0.39 0.28 0.0 -0.01

Center 0.19 1.76 -0.20 0.18 0.01 -0.20
Inner -0.41 1.90 -0.36 0.40 0.01 -0.18

Screen 1 Outer 0.20 1.84 -0.31 0.27 0.53 -0.25
Center 0.09 1.87 -0.27 0.30 0.49 -0.08
Inner 0.07 1.66 -0.20 0.37 0.32 -0.06

Screen 2 Center 0.29 1.64 -0.21 0.46 0.99 -0.18

Fish Returntc) 0.01 1.75 -0.04 0.02 1.33 0.04

a Upper transect is across the separation chamber upstream of the first
traveling screen: Screen 1 and Screen 2 transects are adjacent to the
centerline of each screen.

b Outer position is 1 ft from the outer wall: center position is midway
between the outer wall and the catwalk in front of the traveling
screens; inner position is adjacent to the catwalk, about 5 ft from
the face of the traveling screens.

C Measurements were taken at the centerline of the fish return slot
near the entrance.

TABLE 5. Summary of Approach (x). Sweep (Y). and Vertical (Z) Velocity
Measurements (fps) at the Face of the First Traveling Screen at
the Chandler Canal, Summer 1989

Position
Upper
Center
Lower

0.2 Deoth 0.8 Depth
X Y Z X Y Z

0.36 1.09 0.27 0.21 -0.05 0.29
0.37 0.88 0.05 0.33 -0.17 0.43
0.24 0.86 0.06 0.46 -0.13 0.19
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FIGURF 16 . Approach (Impingement) Velocity at the Face (Side View) of the
First Traveling Screen in the Chandler Screens Separation
Chamber

EASTON SCREENS

The low flow through drum screens at the upstream end of the Easton Screens
indicates that porosity boards are needed to balance flows. Flow through
the screens may be partially attributable to water flow around a bend in
the canal upstream of the screens forebay that results in high sweeping
velocity along the outer wall of the screens forebay.

Velocity measurements taken on June 14 with a unidirectional water current
meter and on June 15 with a two bidirectional (Figure 17) water current
meters produced similar results. Overall, velocities measured with the
unidirectional meter were slightly higher than the velocities measured with
the bidirectional instruments: however, the difference may be a result of
the maximum stable reading observed with the unidirectional meter, which
was recorded for the data set, while ten velocity readings with the
bidirectional meters were averaged to produce the data set.

Velocity through the drum screens was lowest through the screens at the
upstream end of the facility and steadily increased throughout the length
of the facility. The highest velocities were observed at the last three
screens (Screens 16 through 18). Velocity across the screen face has
little meaning because the velocity measurements were made in the screen
bays behind the drum screens.
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FIGURF 17. Velocity Measurements to Evaluate Flow Balance Through the Drum
Screens at the Easton Canal, Summer 1989
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The measurement objectives were different at each screen facility. At
Wapato, approach and sweep velocity measurements were taken to evaluate the
effect of rearing pens in the screen forebay. At Chandler, approach,
sweep, and vertical velocity measurements were taken in front of the rotary
drum screens. Velocities were also measured at the entrance of fish
bypasses, in front of traveling screens in the separation chambers, and in
the entrance to the fish return. At Easton. velocity was measured behind
the screen to provide information for designing porosity boards to balance
flow through the screens.

EFFFCT OF SALMON-REARING PFNS ON VEIOCITY MEASUREMENTS AT THF WAPATQ
SCREENS

Velocity measurements taken at the Wapato Screens before and after the
removal of the YIN salmon-rearing pens show that the pens can affect both
the magnitude and stability of water velocity in front of the drum screens.
Approach and sweep velocities were erratic in front of the drum screens
when the pens were in the forebay and stable after the pens were removed.
The magnitude of approach velocity at the screen face was not affected;
however, the sweep velocity was less at 0.2 of the depth and greater at 0.8
of the depth when the pens were in place.

The unstable velocity readings we observed are believed to be the result of
swirling water moving along the face of the drum screens, based on visual
observations made during data collection. Swirling water could result in
intermittent high impingement velocities for small fish as the swirl moves
along the face of the screens: however, no fish impingement was observed on
drum screens adjacent to the rearing pens in screen integrity tests
conducted in 1988 ((Neitzel et al. 1990b).

Velocity measurements taken at the Wapato Canal with the rearing pens in
the screen forebay did not compare well with data collected in 1988
(Abernethy et al. 1989) under similar canal flow and operating conditions.
Factors that might have caused differences in the two data sets are

. differences in sedimentation in the screen forebay

. the location and number of inoperable screens when the measurements
were made

. the degree of algal fouling on the screen panels in the rearing pens

. day-to-day variation of hydraulic conditions within the canal.

The greatest discrepancies in velocities between the two data sets occurred
in measurement locations that were adjacent to inoperable screens or wing
walls.
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VEIOCITY CHARACTFRISTICS AT THF CHABDIFR SCRFFJJ

Water flow in the Chandler Screens forebay was very uniform, based on
visual observation. Few current lines or swirls were visible. However, it
appeared that the canal forebay is too wide to maintain an adequate
sweeping velocity in front of the screens. Additionally, our velocity
measurements indicated that porosity boards will probably be required to
achieve more flow through the drum screens at the upstream end of the
facility.

Low flows through drum screens at the upstream end appear to be a common
problem at screening facilities with the drum screens installed at an angle
to canal flow. Modification in hydraulics resulting from installation of
porosity boards may be partially responsible for increased turbulence in
the screen forebay.

Based on velocity measurements at the entrance of each of the three fish
bypasses and in the separation chamber. fish return flow did not meet
design criteria specifications. Although approach velocities did not
exceed 0.5 fps during our data collection, only one of the two pumps behind
each screen was operating. During four-pump operation of the separation
chamber, impingement velocities could increase substantially at the face of
the traveling screens.

FLOW BALANCE AT THE EASTON SCREENS

The low flow through drum screens at the upstream end of the Easton Screens
indicates that porosity boards are needed to balance flows. Poor flow
through the screens may be partially attributable to water flow around a
bend in the canal upstream of the screen forebay that results in high
sweeping velocity along the outer wall of the forebay. Porosity boards
were installed following our measurement series, and flow balance through
the screens was improved (Hosey & Associates 1989).
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Velocity measurements were conducted at three fish screening facilities in
the Yakima River Basin: the Wapato, Chandler, and Easton Screens. Our
objective at the Wapato Screens was to determine if the salmon-rearing pens
in the forebay adversely affected flow parameters in front of the drum
screens. At the Chandler Screens, our objective was to determine if
velocity parameters in front of the rotary drum screens and within
components of the fish bypass system were consistent with design
specifications necessary to provide effective fish bypass. The objective
of flow measurements at the Easton Screens was to determine where porosity
boards were needed to equalize water flow through the drum screens.

WAPATO SCREENS

Velocity measurements taken before and after the removal of three salmon-
rearing pens from the screen forebay indicated that although the pens had
only a minimal effect on actual approach and sweep velocities at the face
of the drum screens, the pens contributed to increased turbulence and
instability of the water flow. Swirls and turbulence at the face of drum
screens could result in intermittent increases in approach velocities. The
net pens did not appear to affect flows through the three fish bypasses.

CHANDLER SCREENS

Approach velocity was low in front of the drum screens at the upstream end
of the facility but steadily increased in front of drum screens at the
downstream end of the facility. Porosity boards are needed to balance flow
through the array of screens.

Sweep velocity was generally low in the Chandler Screens forebay,
especially under the curvature of the drum screens. Low sweep velocities
and elevated approach velocities under the curvature of the drum screens
result in velocity conditions that do not meet the design criteria
standards.

Flow through each of the three fish bypasses were less than specified in
the operating criteria. Sweep velocity in the separation chamber was
generally low. Approach velocity at the face of traveling screens in the
separation chamber were within design criteria guidelines; however, only
two of the four bypass pumps were operating when the measurements were
taken. Flow out the fish return pipe appeared to be adequate.
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The low flow through drum screens at the upstream end of the Easton Screens
indicates that porosity boards are needed to balance flows. Poor flow
through the screens may be partially attributable to water flow around a
bend in the canal upstream of the screen forebay that results in high
sweeping velocity along the outer wall of the forebay. Porosity boards
were installed following our measurement series, and flow balance through
the screens was improved (Hosey b Associates 1989).
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APPFNDIX  A

OPERATING CRITERIA FOR THE WAPATO. CHANDLER. AND EASTON
FISH SCREENING FACILITIES

This appendix contains the operating criteria for the three fish screening
facilities included in this report. The criteria were developed by
hydrologists from the National Marine Fisheries Service. The intent of the
criteria is to provide the information necessary so that maintenance
personnel can set and adjust fish bypass flows to achieve optimum fish
bypass conditions at each screening facility.

The operating criteria for the Wapato Screens are provided on pages A.2
through A.5. Text describing the operating criteria appears on pages A.2
through A.3. and a diagram of the Wapato Screens is shown on page A.4. A
graph summarizing weir crest height adjustment based on canal surface
elevation is shown on page A.5.

The operating criteria for the Chandler Screens are provided on pages A.6
through A.13. Text describing the operating criteria appears on pages A.6
through A.8. Pages A.9 through A.11 describe weir gate adjustments for
three ranges of canal water surface elevations. Page A.12 contains a graph
showing the appropriate weir crest elevations for a range of canal water
surface elevations. Page A.13 shows the appropriate surface levels for
controlling flow through the Juvenile Evaluation Building.

The operating criteria for the Easton Screens are provided on pages A.14
through A.16. Text describing the operating criteria appears on pages A.14
and A.15, and a diagram of the Easton Screens is shown on page A.16.
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Revised 6/29/87

Operating Criteria
Wapato Canal Fish Screens Bypass System

Operation of the bypass system requires the adjustment of four
2-foot wide bypass overflow weir gates (these are temporarily
stoplogs at the present time) located in the fish bypass
channels and two S-foot wide excess water overflow gates located
behind the pumps in the pumpback structure. These weir gates
(or temporary stoplogs) control the quantity of bypass flows and
the water surface elevations within the system for good fish
passage.

Weir gates (or stoplogs) should be adjusted as follows. Weir
gate locations are shown on the attached sketch.

Normal Operation .Cnock).

1. Adjust crest of weir gates #l, #2, and #3 (or top of
temporary stoplogs) to appropriate elevation depending
on canal W.S. (water surface) elevation from attached
graph. Example: canal W.S. in front of drum screens
is at elevation 934.0; set crest of weir gates
(stoplogs) to elevation 930.7.

2. Adjust crest of weir gate #4 (or top of temporary
stoplogs) to appropriate elevation depending on canal
W.S. elevation as shown on attached graph. Example;
canal W.S. elevation 934.0; set crest of #4 weir gate
(or top of stoplog) at elevation 928.0.

3. Adjust weir gates #5 and #6 "equally" until W.S.
elevation in front of traveling screens is 3.5' lower
than canal W.S. elevation in front of drum screens.
Example: canal elevation 934.0: adjust weir gates #5
and #6 equally until W.S. elevation in front of
traveling screens is 930.5.

Oweration with Pumwback;

1. Set weir gates #l, #2, #3, and #4 same as for Normal
Operation (No Pumpback).
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2. With either one or both pumps in operation adjust both
weir gates #5 and #6 to maintain the traveling screen
W.S. 3.5' lower than canal W.S. elevation. Divide
flow through both traveling screens equally.

3. If the difference between the canal W.S. and the
traveling screen W.S. is greater than 3.5', even with
both weir gates #5 and #6 closed, then lower gates #l,
#2, & #3 equally to obtain 3.5' difference. Note:
This is very important since for certain conditions
the pumps may have enough capacity to pull down the
water level in the pumpback structure down too low,
drying up the bypass flow over weir gate #4 and
resulting in major fish damage.
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OPERATING CRITERIA
CHANDLER SCREENS

3-2-87

Check canal water surface elevation.
Locate canal water surface on the Weir Gate Operation graph
(see the horizontal line). Imagine, or draw lightly, a line
upward on the graph from that point. It will intersect the
GATE NO. 4 and the GATE NO. 1,2, and 3 lines. Then read
horizontally to the left from the point of intersection, and
read the required weir crest elevations.

.

.

. Set GATE NO. 4 to the appropriate weir crest setting from the
graph.

4. Set GATE NO. 1,2, & 3 to the appropriate setting from the
graph.

5. Set the pump structure water surface to the appropriate
level:
PUMPBACK MODE

Set the 4 pump discharge pipelines so the flow meters
each read 25 cfs. Check these readings once every few
months of operation.

GRAVITY MODE
Hand set each of the two gravity bleed-off gates until
the pumpback structure water surface is:
(For canal water surface of El. 630.9 and higher)-
E1.627.8
(For canal water surface of El. 630.7)-El. 627.6
(For canal water surface of El. 630.5)-El. 627.3
(For canal water surface of El. 630.3 and lower)-
El. 627.0
NOTE: When in the gravity bleed-off mode, bleed-off
gates should be set at equal openings, which will draw
equally through each traveling screen.

6. Checks:
Check the downwell staff gauge reading for each of the 3
bypass downwells. Remove floating debris.
are not impeded,

If the bypasses
the three bypass downwell readings should be

the same (within 0.2').
downwell reading.

Check the pump structure bypass
It should be at El. 626.0 in order to pass

the required flow to the evaluation building.
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STANDARD OPERATING PROCEDURES
CHANDLER SCREENS

2-3-87

I. OPERATIONS:
A. NONE-SAMPLING MODE:

1. General
During this mode of operation, bypass flow is being
routed directly to the river rather than through the
sampled facilities of the juvenile evaluation building.

There are five gates which must be properly set in
order for the three main screen and one secondary
screen bypasses to function as designed. Gates
1,2, & 3 are the weir gates in the pumpback structure,
which control flow in each of the main bypasses. Gate
4 is the weir gate, which controls flow into the
secondary bypass and the water surface in the pump
structure pool.

Gate 5 is the bulkhead gate in the downwell of the
evaluation building, which should be set initially,
then not reset until evaluated at a later date.

The settings of Gates l-4 are based on the canal water
surface elevation. The attached graph indicates the
weir crest elevation (top of weir) that is required for
a given canal water surface. After taking the canal
water surface reading, set Gates l-4 as indicated on
the graph. Be sure to allow a minimum of 10 minutes
for flow conditions to reach equilibrium.

2. OPERATIONS AND TROUBLE SHOOTING: Gates l-3
Staff gages are installed to aid in verifying water
surface elevations through the system, and for the
purpose of identifying when blockages may be inhibiting
flow. A staff gage should be located in a forebay
location that is easily viewed from the catwalk on the
main screen structure. Staff gages should also be
located on the upstream wall of each of the upwells in
the pump structure. Check the differentials from
forebay to each upwell. This value should be between
2' and 3', depending on the forebay water surface.
There will be surging in the upwell, so take the
average reading between high and low surfaces. The
IMPORTANT thing is that the differential readings are

A.7



within 0.3' of each other. If one reading is more the
0.5' lower than the other two, then the weir gate is
improperly set or there is a blockage in one of the
bypasses.

3. OPERATIONS AND TROUBLE SHOOTING: Gate 4
There should also be staff gages in the main pumpback
structure pool and the secondary bypass downwell.
During normal operating periods, the secondary downwell
gage reading should ALWAYS be 626.0. Adjustment of
Gate 4 as indicated on the attached graph should assure
the reading.

The water surface elevation in the pumpback structure
pool is controlled by the pump discharge (or gravity
pipe discharge) and the Gate 4 flow. The pump
discharges will be set initially, then left unchanged.

The water surface elevation in the pumpback structure
should be 627.8 at all canal surface elevations above
630.9. Between canal elevations 630.9 and 630.4, the
pumpback surface will drop to 627.0. Gate 4
adjustment, as shown on the graph, is necessary to
maintain the required bypass flow to the juvenile
facility.

B. SAMPLING MODE- Switching to and from:
In the juvenile evaluation facility upwell, there are
two weir gates, which do nothing except control the
direction of flow. One should always be fully open and
the other should always be closed. The only exception
is during switching from one mode of operation to the
other. ALWAYS remember that the correct procedure is
to open the other gate prior to closing the first gate.
Otherwise, the upwell will overtop.

II. MAINTENANCE:
1. Keep all gages clean. They should be readable in order

to insure correct operation of the facility.
2. Check all 4 bypasses for accumulations of floating

debris. Remove especially debris that may become
blocked in the bypasses.

Note: Questions or comments, call Steve Raney. Remember,
this is a preliminary set of criteria.
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KITTITAS CANAL SCREEN/BYPASS OPERATING CRITERIA
(NMFS - 7/6/89)

Comments on screen and bypass operation:
1. There is no canal water surface elevation (WS) control

structure to maintain screen submergence.
2. The bypass design flow is 80 cfs. The system is designed

to pass 80 cfs even at low canal WS elevations.
3. During periods of minimum stream releases past Easton,

total bypass flow should not be reduced below 40 cfs.
4. Based on the need for coordinating adult and juvenile

passage facilities flow releases, relative to the
Bureau's Easton gage reading, the correct mode of
operation during low streamflow periods is based on the
June 15 date. Prior to that date, juvenile passage is
emphasized; after June 14, adult passage is emphasized.

5. Bureau miscellaneaous  flows at the dam equal 15 cfs f.
These are not considered below, but do take priority.

PRIOR TO JUNE 15: (Emphasis - juvenile passage)
1. Easton Gage reading less than 105 cfs:

Bypass flow = (Easton gage flow) - (Easton ladder
flow of 28 cfs)
Set gates G-l and G-2 5.0 feet below the canal WS.
Set Gates G-3 and G-4 as follows:
If bypass flow to be 40 cfs, set weir gate crest 1.3
ft. below upwell WS.
If bypass flow to increase from 40 to 80 cfs,
increase weir gate crest submergence incrementally
from 1.3 to 2.1 ft. below upwell WS.
Set gate G-5 at the following crest elevation:

If canal WS is above el. 2175: crest el. =
2169.0
If canal WS is below el. 2175: set gate at
lowest setting.

Set gate G-6 at crest elevation 2162.0.
2. Easton Gage reading greater than 105 cfs:

Set Gates G-l and G-2 5.0 feet below canal water
surface.
If bypass flow to be between 40 and 80 cfs, increase
weir gate crest submergence incrementally from 1.3
to 2.1 ft. below upwell WS.
Set gate G-5 at the following crest elevation:

If canal WS is above el. 2175: crest el. =
2169.0
If canal WS is below el. 2175: set gate at
lowest setting.

Set gate G-6 at crest elevation 2160.9.
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AFTER JUNE 14: (Emphasis - adult passage)
1. Easton Gage reading less than 160 cfs:

Gates G-l and G-2 set at 5.0 feet below the canal
water surface elevation.
Gates G-3 and G-4 set at 1.3 ft. below upwell water
surface (40 cfs).
Remaining flow through fish ladder (up to 120 cfs).
Set gate G-5 at the following crest elevation:

If canal WS is above el. 2175: crest el. =
2169.0
If canal WS is below el. 2175: set gate at
lowest setting.

Gate G-6 set at crest elevation 2162.0.
2. Easton Gage reading greater than 160 cfs:

Gates G-l and G-2 set at 5.0 feet below the canal
water surface elevation.
Gates G-3 and G-4 set for bypass flow between 40 and
80 cfs: Increase G-3 and G-4 wier crest submergence
below upwell WS incrementally from 1.3 to 2.1 ft.
Set gate G-5 at the following crest elevation:

If canal WS is above el. 2175: crest el. =
2169.0
If canal WS is below el. 2175: set gate at
lowest setting.

Gate G-6 set at crest elevation 2160.9.
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APPENDIX B

WAPATO SCREENS RAW DATA SHEETS

This appendix contains the raw data sheets for flow measurements taken at
the Wapato Screens on June 1 and 2 and June 5 and 6, 1989. Page B.2 shows
the calculations made to position probes at the proper depths and the
distance between the probe and the screen face at each depth. Raw data for
measurements taken before the Yakima Indian Nation salmon rearing pens were
removed from the forebay are presented on pages 8.3 through 8.20. Raw data
for measurements taken after the rearing pens were removed from the forebay
are presented on pages 8.21 through B.38.
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I

Drum Diameter (DIO
+b4-Radius  (R):

Exposed  to Air (E):Sb
Submerged  IZ): 1.3%

"0.2 z; 26.‘f
D,B 2: fogrb

Side A Side B

Al= R-(E+0,2  2) 21.6
AP R-(E+D,B  2) s7.L

BP= (Rz-A@095  8/e/8
BP (RQ22)'J.J L/t /Y

Distance  From Vertical  to Screen  Face

D,2 Z: R-Dl- 2.g2 I'

0.8 2: R-BP ~2.56”

n/db  ! 5u me bk4etzsff  w meflf  city?% u/e Vc LIS& fc-l SL+vrPS  tne i/i-- 6/1)&j
J

clrrpfe  fkr l24wd p~~&Joffon  d&y ~.,~f~.cuc4  - &l&q

B.2



Wapato Screening Facility Flow Measurements

Total Forebay Depth (in.) '+"
Screen Diameter (in.) 1.21 "

I
Screen Exposed (in.) 3b *

Screen I/ Screen Submerged (in.) 132’

c,.

Time Start
Time End

Average
Minimum
Maximum

Date: &-l-J9

Personnel: CSA 1 boo

b. t

0.8a 1

Notes:
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Wapato Screening Facility Flow Measurements

Total Forebay Depth (in.) 190"
Screen Diameter (in.) 168

Screen # t
Screen Exposed fin.1 3L

Screen Submerged (in.) 132
2- I

Date: b-J+‘
Personnel: er4 J DbrJ

2- z

Time Start 1 lSSZ
Time End I ISSS

Average
Minimum
Maximum

Notes:

I,14 ot25 ’
1.J 0 >
I, O,Y

f. 5 -u. v
1. L - 0.7

E!zEii

2.0 - 0.8
265 - 0,s
1. z -0.U
2,o I  - 0 . 7
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Wapato Screening Facility Flow Measurements

Total Forebay Depth
Screen Diameter

Screen # 3
Screen Exposed

Screen Submerged

6. (

Time Start I IS33
Time End 'SY, 1

Depth 0.2
Vector S A

1 f)? 'O.t
2 I* P 0.3

Average 105% O-IS .
Minimum I. 1 - 0.L
Maximum 7 #'L- 0.B

Notes:

(in.) 'Y" 4
(in.) 14f4
(in.1 3 6
(in.) 162”

Date: b - r-6-Q
Personnel: CJhloot.7

f. s -0. s
I* Y - 0 . 9
1. I - o,t
3. I - 1. 0

El3

2.3 - 0.3
0.c 0. 6
0 f. 3
/ E - 0. 2
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Wapato Screening Facility Flow Measurements

Total Forebay Depth
Screen Diameter

4 Screen Exposed
Screen # Screen Submerged

Time Start I 1 S2F
Time End 'S3t

I Oepth ! 0.2
\,ar+,rscbor

I 1
I S I A I
I 1.c I 0.3

I 2 I I.7 1 0.3
3 I I 0*3

Average l.qq aI24
Minimum 1~6 e* a
Maximum I. 7 0.5

Notes:

.
(in.1 /+Q '
(in.)/6F"
(in.) 1b 0
(in.) 132  1

Date: 6-l. 69
Personnel: cc+/ of30,



Wapato Screening Facility Flow Measurements

Tota:',;F:;b;faiE;;; ii;.; jz",'

5
Screen Exposed (in:)-

Screen It Screen Submerged (in.) 13t

6- I

Time Start I lS2\
Time End 15rv T-1

Average I,01
.Minimum I.G

Maximum 2.3

Notes:

Date:
b-r- 89

Personnel: CSk) puo

t,l. -0.P
1.1 -0. q
0.6 -0 3
2.3 --o -t

gE!j
1. 3 -0 b
3. I -4. I

2. 3 --I '
I. 6 -0 Y

,
dS
3:s

;. 3
/. /
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Wapato Screening Facility Flow Measurements

Total Forebay Depth
Screen Diameter

Screen # (a
Screen Exposed

Screen Submerged

(in.) lL13
(in.17
(in.) 3b
(in.) t?z

6- 1

Time Start I
Time End

Date: (4 - I-67
Personnel: CJAJ wn

1.3 -0. b
I 0 -0. 9
0.5 ol.

lEEi

I.0 -0.3
0. 5 - 0 . 3
0. -0. s

Average
Minimum
Maximum

Notes:

G-l/L c ' +'+@cd -to*

- s- M s?- t--g L4-b p’y+
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Wapato Screening Facility Flow Measurements

Total Forebay Depth (in.)
IV0

Screen Diameter (in.) IcJ

+
Screen Exposed (in.) 3L

Screen B Screen Submerged (in.) (32

Time Start 1 IVS'L
Time End I IYSA

Depth I 0.2 I

1
6 I ILb I 0.3
7 I -1.d I d. 7
8 1. L 6, 3
9 rI 5 0.1

10 1. b 0.3

Average 1155
Minimum I LI
Maximum '. 'F

z,

Notes:

Date: 6-r-69
Personnel: CSh l#Pb

L

I. c - 0.5
1. 6 - 0. 5

1. 3 - 0. 6

3.3 -0 9
1. - 1.3

1. .c 0
2.0 - 0, 3

f,ci - 0.5

0.8
S - A

I. 6 - 1.3
I. ci - 0.L

I I.7 -0,P
, y - 0-Y
/f F - 0.5
I.3 - 0. L
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Wapato Screening Facility Flow Measurements
.

.

Total Fore6ay Depth (in.) 440
Screen Diameter (In.1 '16 P

(in.) 3L
Screen I/ 8

Screen Exposed
Screen Submerged (in.) 13z

6- r
Time Start I 13ry
Time End 1 rJr*

I Depth I 0.2
Vector 1 S 1 A

:
113 a cl
If-+ o,3

3 r-? Q.Z
4 I, s 0.q

Average
Minimum
Maximum

Date: 6- I- F‘l
Personnel: csrt / Pr)O

Notes:
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Wapato Screening Facility Flow Measurements

Total Forebay Depth
Screen Diameter

7
Screen Exposed

Screen 11 Screen Submerged

(in.1 lY0
(in.) (GF
(in.1 4(r
(in.) r3t

Time Start I 13*3
Time End 1307

n--LL I n ') I
I

6 I 1.L I 0

9 1 I.6 1 0 . 3
10 4 r*bI 0.

Average bb7 0,40
Minimum 1 .b 04 t
Maximum I*? o',

Date: b-l- sp
Personnel: CJA / I300

I. 3 -0.9
/f 2 -0.y

.I.5 I,3
/.I -/.6-
I ., -0. s

- 0. ?

i--M
I, 0 - I.
/. 0 -0.Y

i&i!

- ,‘, ,’ ,‘
0 4 G’:
f s /*

Notes:

B.ll
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Wapato Screening Facility Flow Measurements

Total Forebay Depth
Screen Diameter

Screen t iQ
Screen Exposed

Screen Submerged

6-t

(in.) IV0
(in.)rb6
(in.) 3C
(in.) 132

Time Start I JZSY
Time End 1 ILS.

Average
Minimum
Maximum

Notes:

'*581 q
I

Date: 6-l-99
Personnel: CS+/ 040

6.2-1
0.8a

S - A
1. s -o,,

Es/,c, -0.u
2.3 -0 3
1. 2. - 0. 3

I I 0. 5
J. I - 0.2

iii

/. 3 - 0.Y
I. z - I, 3

wff Y Oj- Ccnc-r---  C p.Z-f.~~  iI L-(.+ “’ 1 p c--ruv JJ hej pm 42
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Wapato Screening Facility Flow Measurements

. '% .

Total Forebay .Depth (in.1 IV0
Screen Diameter (in.1 !b8

(I Screen Exposed (in.) 3~
Screen II Screen Submerged (in.) 132

Time Start I 12.3\
Time End I IL35 1

Average l*3i5 a*tl
Minimum I*-& 0
Maximum 1 .y 0.2

Notes:

k/I- 2 J cd4.r. Aat shv-n+ a4.b #aL*-BJL I.

Date: b-l- gq
Personnel: Crh) n0o

S - A
I. , -- 0. LHaI.3 -0'1
I. 2 -0 7
I I - c.z

h IadCr cw- of pn + 3 t Aa-oh-ry r-1 if ,+-
&nr.ho~ of +A SLt-uD. u.&Gr,

1
410 'pwk s- La

Pea 3

\

----_--C. ‘3 ’
/ : /’

5,
. . .

‘I--+-. * I) ’

B.13



Wapato Screening Facility Flow Measurements

Total Forebay Depth
Screen Diameter

Screen 11 '2c
Screen Exposed

Screen Submerged

c- I

(in.) It%
(in.) Curb
(in.) 3L
(in.) 177

Time Start 1 1219
Time End 1 12r3

Average 1160 0~36
Minimum 1 s 0 4
Maximum 1. * 0 3

Notes:
6-f c-+rtm& Juub'

+
b

t,&- .v
I.* I,0

B

- I. a
a-9 - 0.
I. -I. L:
3.2 I.r(
1. e ‘. J

Ea

2.2 -,
I.0 - ,3
2.6 3.z

Date: b- I-P?
Personnel: v4 /QOQ

6)~w-A beb+ 4 0.P 3
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Wapato Screening Facility Flow Measurements

Total Forebay Depth
Screen Diameter

Screen # II
Screen Exposed

S c r e e n  S u b m e r g e d

6 - I

(in.1 170
(in.) teR
(in.) 3G
(in.) (32.

Date: C-I-S? .
Personnel: CJA/ P9Q

b - 2

Time Start
Time End

Average
Minimum
Maximum

Notes:

*
q:0.

I. 2

/. v .-I 0. *. .~
I I - 0.5‘

lE!zl

1. I - 1.3

1, z c0.z

1. 0 -0.y
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Wapato Screening Facility Flow Measurements

Total Forebay Depth (
Screen Diameter (

Iin. 190
1in.I lb8

Screen t 1q
Screen Exposed (in.) 36

Screen Submerged (in.) 132

Date:
G-l-89

Personnel: c*ct 1 iloo

Time Start 1 ItaO
Time End 1 1303 I

Depth I 0.2
Vector I S I A

Average I.03 a*j?/
Minimum o- 1 0.3

Maximum 1. a 0. Y

Notes:
Se-L \rtJ-u* or e IS !

0.8ae I

1 1.b I-o.3 I

8.16



Wapato Screening Facility Flow Measurements

Total Forebay Depth (in.) 140
Screen Diameter (in.1 \6C

Screen # ls
Screen Exposed (in.) 3G

Screen Submerged (in.) I3t

‘-'Time Start I 1142

Time End 114s

Average
Minimum
Maximum

4"yor 27' fyyq

Notes:
ty = + sacecp , J

+Y c appr-6 L: &

i
Date: 6-14

Personnel: cs4)pvh

0.8a
S -A

I. I -0. g
I.2 -Q 1+
1.2 -0-P
/.Y -0.6
1. L -0. ',
/.r -0.8 1 0 1 - 0.8

6 L -I_ I

0. a- -o. 8
0.6 - 0, 9

._--- -- -

L-2 gy// 0.8 s+p = tX
7018 f+p& 2 -y )

urn*4 a!+
4% 8-Q IS ScrCC.,p
--- -

ar4 *P= fy
O* a ~p~be*cif  : -x 3 urn,+ Jrto

8.17

.



Wapato Screening Facility Flow Measurements

Total Forebay Depth (in.) 140

(in.) '66
(in.)-
(in.) I32

Time Start I /S/O
Time End Id- I 'I

Average I,!?? -0sOb
Minimum , -aq
Maximllm /. 3 nt

j, Sb n3%
/. c - 0 .y
/. 0.L

Date: k-l-89
Personnel: c .wj hod

Notes:

B.18



Wapato Screening Facility Flow Measurements

Total Forebay Depth

by pc*
Screen Diameter

*A
Screen Exposed

Screen # Screen Submerged

Time Start 1 I'LL/3
Time End I 1t YC 1

Average I.W -0 4%
Minimum I *'F -0#2

Maximum a3 0 .a

(in.) IYO
( i n . 1 1 6 6
(in.) 3c
(in.) 132

,P4 3 I

Date: G -I-P?

Personnel: c s4 1 nora

0.8a
S A

Notes:

B.19



Wapato Screening Facility Flow Measurements

Total Forebay Depth
Screen Diameter
Screen Exposed

Screen # &kks*fScreen  Submerged

;;;:;+i-

(ii.1 369
(in.) /37-

Time Start
Time End

Average I,60 -081
Minimum J * b - 0. 2
Maximum 1.d 0

Date: c/&9
Personnel: c&/&j&

734+?’ f2wkkz.y ffevk"it I

Notes: 0,2 z - L&t g/g 0.9%  3 L&t 10 &o

f

usso@ ca td 0.2 L BL
+x- SwecQ fl&JWd,  lhtti
4-y 3 +pmeL. ’

8.20



Wapato Screening Facility Flow Measurements

Total Forebay Depth (in.1 I(/0
Screen Diameter (in.)

"I
Screen Exposed (in.) --%E-

Screen # Screen Submerged (in.) 132,

7:3 / b/39 --I1
I /OS/
I &I

Average I.29 0.35
Minimum I.0
Maximum I.6

0-n
06 _

Notes:

‘..
.

. .

. Date: 6 /s-,/g.:, G/h/&
Personnel:- &//I,1 (, , ;? /'J;'jr

1 '

. . .’ ‘. .: .; . .-’ - .,. ,:

B.21



Wapato Screening Facility Flow Measurements

Total Forebay Depth (in.) 1q0
Screen Diameter (in.) /L6

Screen S 2-
Screen Exposed (in.) 36

Screen Submerged (in.) /3?

Average r.6
Minimum /rt
Maximum ,:," ?:T pgfq

Notes:
I !

. .

. Date: Q/r/9? 6/L&y
Personnel:- Uanf I&+

/s J --o,r

kzlzd
Its -0.- 0.3f. --o.J-

-0a

I

6.22



Wapato Screening Facility Flow Measurements

Total Forebay Depth (in.) 190
Screen Diameter (in.)/es

Screen I/ 3
Screen Exposed (in.)F

Screen Submerged (in.) 132

Time Start I 0459
Time End I foot

Average 2.2 b 0.41
Minimum 118 000

Notes:

Date: 6 lWB9 b//,je.j

Personnel:- f-/w+ f.c3+

f- G/C/d+ .\

B.23

.,. .



Wapato Screening Facility Flow Measurements

Total Forebay Depth (in.) /'f"
Screen Diameter (in.) /Gg

Screen # 4
Screen Exposed (in.1 3 6

S c r e e n  S u b m e r g e d  (in.) /.3L

76/b k ---,
Time Start
Time End

Average /.Q
Minimum . 7”
Maximum 211

Date: 6/S /33 d&.j
Personnel: &fi,I( ./Itir

I '

Notes:

8.24



Wapato Screening Facility Flow Measurements

Total Forebay Depth (in.) Ir/O
Screen Diameter (in.)/L

Screen # 5
Screen Exposed (in.131

Screen Submerged (in.) I 3.Z

l--Lc./6i2cj -
Time Start 1 &a-
Time End I 09'/6 I

Average I 3.03 0,
Minimum 0.3 _
Maximum 6. Y

Date: b/.s/Bc G/A
Personnel: a>, \f$ $P

.

r---/5/99 7

Notes:

B.25

.



Wapato Screening Facility Flow Measurements

Total Forebay Depth (in.) I40
Screen Diameter (in.) lL8

Screen # 1.
Screen Exposed (in.) 3L

Screen Submerged (in.) 1.32

+/6 184 -'
Time Start I 0739
Time End I 09c//

Average
Minimum
Maximum

Notes:

Date: 6 /5 13 $
Personnel: &fif

L/h i+J
P DQy

I2 /r ./'8 5 1

8.26



Wapato Screening Facility Flow Measurements

Total Forebay Depth (in.) 0
Screen Diameter (in.1

*
Screen 11 7

Screen Exposed (in.1 3
Screen Submerged (in.1 /3L

r- G/6 /Sy __L__I
Time Start I '093/
Time End 1 oqsy

Average
Minimum
Maximum

Notes: GL L R-e R "//vet

Date: b/s/87 ; L/6 /'%y
Personnel: &A, &.+

/--c/rhy -,

B.27



Wapato Screening Facility Flow Measurements

Total Forebay Depth (in.) /VO
Screen Diameter (in.)'/b

Screen # B
Screen Exposed (in.) jt

Screen Submerged (in.) 13 L

Time Start I 0324
Time End I w27 I

Average
Minimum
Maximum

Date: &k/A7 /I/c / $9
Personnel: #on+ F;tifl

. *.

/ -

Notes:

. ..
c .I,

-._ ‘.

8.28



Wapato Screening Facility Flow Measurements

Total Forebay Depth
Screen Diameter

Screen # "i
Screen Exposed

S c r e e n  S u b m e r g e d

Date: 6 /J-/67 616139

(in.) /3t

Average 1.8
Minimum 1,
Maximum .

Notes:

8.29



Wapato Screening Facility Flow Measurements

Total Forebay Depth (in.) /4/o
Screen Diameter (in.)

Screen Q 10
Screen Exposed (in.)-+F.3

Screen Submerged (in.) 13%

I------b/6/&4-
Time Start 1 oes7
Time End I ocoo

Average I.9 I 0. $2
Minimum /.E a3
Maximum 20 P.3

- . Date: 6 /s /64 0 /k /j-y
Personnel: +Q& A&+

Notes: Hur 1 j I

8.30



Wapato Screening Facility Flow Measurements

Total Forebay Depth
Screen Diameter
Screen Exposed

Screen # Il Screen Submerged

(in.) '40
(In.1 /GS
(in.) 36
(in.1 /3L

Time Start I 'd@+9
Time End I fast I

Average I. 33 0.06
Minimum I. 2- D.u
Maximum /. < 0.l

Notes:

/e 0.
,/ o,a

f.0 0. 0
8.8 00 0

El3

I.0 0.0
0.0

::, 0.0
0.0

/. n d. b

8.31

_ ’ Date: l 6 /r/89 /3/;  .I*
Personnel: bo& &dp

~~~~~

-I I. u -&

.



Wapato Screening Facility Flow Measurements

.

Total Forebay Depth (in.) IV0 ~*
Screen Diameter'(in.1  /cS

Screen # /L
Screen Exposed (in.) 36

Screen Submerged (in.) /3L

)- ~,lb/8~------7
Time Start I U~4.L
Time End I 03YT 1

Depth 0.2
Vector

!
I S 1 A*1 I . -  I^-.1.

Average
Minimum
Maximum

Notes:

Date:
Personnel:

;~~/G;~c=/i .'&c,

r- ---- -4 /g/a 7 -

8.32



Wapato Screening Facility Flow Measurements

Total Forebay Depth (in.1 /qO
Screen Diameter (in.) /d 8
Screen Exposed (in.) 3 6

Screen B 13 Screen Submerged (in.) t.3 L

/---tt/b lE9----7
[Time Start 1 UB-rs- 1
ITime End I 0838 I

Average
Minimum
Maximum

Notes:

Date:
Personnel:

~~/~~~~,p~/~~~~

/

i--o/s:E;'r :-.-. _.-.-_

8.33



Wapato Screening Facility Flow Measurements

. .

Total Forebay Depth (in.) /Yo
Screen Diameter (in.) 1) &

Screen # '9
Screen Exposed (in.) 3 6

Screen Submerged (in.) /JL

-//b/w -

‘_ 1
.

Oate: dm9 G/6 &
Personnel: h/oAf f?&r

/

,r--. c&/--a  g ----
r

Time Start I 4927
Time End 1 0,836

Depth I 0.2
Vector 1 s I

7
* ,pFT-

,,r I fi?

7 1.2 0 . 2a /.s 0.3 .0 /.J n. 3
I 10

,.-, ,-.-
I l . 4  I 013

Average /< 44 0 31
Minimum 12

L Maximum 1:7
013
aY

Notes:

B.34



Wapato Screening Facility Flow Measurements
.

. Total Forebay Depth (in.1 t4'-0.
Screen Diameter (in.) l&5?

Screen # I5
Screen Exposed (in.) 3L

Screen Submerged (in.1 132

(-- qq64 - -
Time Start I US/8
Time End I @ZZ

F DeDth ! 0.2 ! 1 0.8 I
Vector 5

1 /' , v
2 I. 0

0,; p&j--&j
Of5

3 /. I4 /, 2 I
5 1.2

;.: pj-p-1

Average /.zo fs*Y3 cJ.41 r CL-.
Minimum l,b 0, Ls 0. A3 _
Maximum I# 08; I.0 0,s

Date: 615 - 6 $7
Personnel:--z?y#-

j------wv~ 9 -7

Notes: _I‘@? 0.q
cJ/ - Lfe/j IO20 Of8 =//Hit 824

+y= Sl.mp f%=

- )c = Approo~
S&q5 ,

7 -- A//H&S,

Last c, + /s/s );Y< - 6,/C/b 4

6 b ti4// 04 I = IyJ fOZD 0, s 1 &~-;i %LLi
+rz SW? +F = G”heel” I

SW&&-
q 5 /qpm,R +y = /+M4rL

&/&

B.35



Wapato Screening Facility Flow Measurements

Total Forebay Depth (in.) '/4Q" . Date: 6 /; /'&
Screen Diameter (in.) Personnel:- Q' CC&
Screen Exposed (in.)

Screen # ~~(>fl.z $Screen Submerged (in.)

Notes: ~~amY*,r- js fide, \

df l$wh- s&hJ

Ml?% ASP of vevt/c&cr pY#& $*plp#v/ hd

1.k cetirc f/h

ddf h ed &CUSS  ; h&s 18+~p~~~~

bf b$p?ST 23+x

8.36



Wapato Screening Facility Flow Measurements

Total Forebay Depth
Screen Diameter

Screen #~+!P?;, d
Screen Exposed

ZScreen Submerged

Time Start I /057
Time End /orb

Average
Minimum
Maximum

r,9 3 -0.09
1. a3
2*/ o:,

Notes:

KY=-
(in:)
(in.)s

FEq

I - .0.8 1

I

. Date: A L /&
Personnel:- <$a R&L-

I J

. .
‘.

,.

8.37



Wapato Screening Facility Flow Measurements

Total Forebay Depth
Screen Diameter

Screen

I 1105
l/&B

Average l.34 +./4
Minimum 1.6 -0.
Maximum 2:o 40 _

(In.1
(in.)
(in.1
(in.)

.
Personnel:-

Date: $/6/L, '"

/ 3/
Ez0.8

S A
/,3 -0,
I. I -0.G3 o,La
/r2 0.0/. - O#
.3 -#. t

H

/#L -0,s
;.: - 0 . 3-0.2, .- 012

k
‘2 -Ii .. 0.

Notes: tA (Appma-sk)  ti *u-=+d tow-4 tlrc scrcc* u
! P

& fvnm

ujiy w&i& w o-d+ w4Lh*

fit-&l ~p-d’” /wt4
Lvkvc  ray, &A~,

&+ 1S” bps h%s+ J 4J~9

i..,.’

8.38



APPFNDIX C

CHANDLER SCREENS RAW DATA SHEETS



APPENDIX C

This appendix contains the raw data sheets for flow measurements taken at
the Chandler Screens on July 26 through 28. 1989. Page C.2 shows the
calculations made to position probes at the proper depths and the distance
between the probe and the screen face at each depth. Raw data for
measurements taken in front of the drum screens are presented on pages C.3
through 8.25. Raw data for measurements taken at the entrance to the fish
bypass pipes are shown on pages C.26 through C.28. A map showing
measurement locations in the separation chamber is found on page C.29, and
raw data for measurements taken in the separation chamber are found on
pages C.30 through C.34.

c.1



0,8

c X&d&f  J,y=*i  :
.- P-C&,v& =‘(,r/u;-.& isi LjLjll

-1 , ,&- .,rJy?A =. ”1‘.,\
\

._.-.-.-.-.-.-.-. .-.-.-.-.

A

. -4
A

/

Drum Diameter (D): lif:I
Radius (R):

Exposed to Air (El:-
Submerged (Z):/dSn ~~P&CCWO~  drp ,% - !i.! '/ I(, 1: "+spa/ ;>z;'t;!

Side A Side B

0,2 z :  2f*A
0.8 Z: PO,+

A - R-{E+O,Z  Z) S,r B = (R2+2)0.5  goai?s
A = R-(E+D.8  Zl s,?*+' B = (R242)".5 s-z-. 0 3-
A - R-IE+D.8a  Z) 52:5: >T8 a (R2-A210*5
b = R-(E+9.9  Zl 7 ' B = (RZ-A2)O.S  Y ,
h - R-(E+D.QS  Zl 21.6 B - (R2-h2)0.5 7S,O?
h = R-(E+D.S  Z) 27.0 B = (~2-A2)O.J  76.37

Distance  Fran Vertical  to Screen Fact

0.2 Z: R-B=
lpaz; ;-tg

0:s 2:: Ilk=
;+sZZ:  i-E

: -

-q-,:‘#
zt*#f

SE::q

C.2



Chandler Fish Screening Facility Flow Measurements

0
.
W

Forebay Elevation (.l 53. / Date --* - <I, .‘y .

,‘c’ :- Canal Flow
, Screen # /

Screen Diameter (in) //&J ,& Personnel
Exposed (in)

_‘Ld ‘/P/‘r; c
;-i J

Submerged (in) Ia2

Location 1 U @

\ -‘*
.8,iJ b.l 0

-
0.q iii

6,2 0 Q-2
A ‘5 /0. 0.1 0.2.

7_ I,

; Ii7
I+

Average  .q L~/M
M i n i m u m  P. ?, 0 -0. /

M a x i m u m  fl.4 0.1 0.1 4.1

Notes:



Chandler Fish Screening Facility Flow Measurements

Forebay  Elevation , ‘, . 3 - .’ Date - ‘. .‘. I, ‘,H-,?

Screen Diameter (in) /& 2’ Canal Flow//o0 Personnel -7; i IT fS/- ,-

,’ Screen # Z- Exposed (in) *-I

Submerged (in) /‘.YJ B

~~~~,~~,~I

0
.
P

Notes:



Chandler Fish Screening Facility Flow Measurements

,‘Screen# 3
Screen Diameler (in) I/i; ; ._

Exposed (in) -‘/

Submerged (in) ., ‘>R

Location 1 U fk) L
Death 1 l-33

Vector 1 S 1 A 1-V IA

1
1 If!&71 Q IO. /I 0.f
2 hTq 0 b,/lQ,/

1 3 la,71a/lo.& h
I 4 0, 0 0.5 o./
1 5 pi41r*. 0 6.) c9/

6 b.4 0 or/ CL
7 w 0 r3 ;r OJ

9#a rc I; 0.f
14b.z

1 10 IaiIlId*/l  o,/ln,/

Forebay  Elevat ion ,: ~2. !
Canal Flow’I[ao

Date -/A I,%;‘

Personnel



Chandler Fish Screening Facility Flow Measurements

Forebay  Elevation $ .si;r, . c Date s’z ;: , ‘2 3

Screen Diameter (in) /L 2 CanalFlow  //UOC& Personnel ix, f - e . -. . i-

,~ScreenX 4 Exposed tW .z;7  .t

Submerged (in) /9ti

10 b.$,l &/I Q lo./ 1

Notes:



Chandler Fish Screening Facility Flow Measurements

Forebay  Elevation : .-A. )

Screen Diameter (in) ,/f;x Canal

,’ Screen # 5
Flow=

Exposed ( in)  3”
Submerged (in) /JR

Date -;/‘-.-l/c:

Personnel w 1 f,; i-

Vector Skk1 .
2 I

o./(‘  f;fL 0.1:~

!!EH
’ . a2 0 . 2
e./ a/ 8.

-ii-

S

67
m-

1./‘;
LIZ
0.8-

2-z
0.E
A
Ai
$4
5
iiT
r.l-78.;-
0. 1
d.?
J2J

17

0
D

-< :-
-0d

b

Notes:



Chandler Fish Screening Facility Flow Measurements

Screen # 6

Screen Diameter (in) /A 2
Exposed (in) .p

Submerged (in) /De

Forebay  Elevation ,3 = 9 ~ /
Canal Flow.7

Date ;7 ‘z /-s

Personnel ,.$5 /f& -



,’ Screen # 7
Screen Diameter

Exposed
Submerged

Chandler Fish Screening Facility Flow Measurements

@ 7/7
Forebay  Elevat ion ~630.  I  - 630.0

(in) /L L Cana l  F low  /loo - 1037 cfr

(in)5Y
(in) /O 8

Time Start /3/y l/M
Time End /3/S

Unit

AverawDJJ~.lS -cd a,.219. 73
Minimum

Maximum

P.(bk+1  8.d m?j0.53 o.tb o.19 0.5,

1



Chandler Fish Screening Facility Flow Measurements

‘bb 37
Forebay  Elevation 4 30 X 1 - L 30. b

Cana l  F low  //o 0 - /037&
, ’ Screen # b/

Screen Diameter (in) !L ‘L

Exposed (in).&
Submerged (in) /O 8

Averageo.qZ &&?.I  -aR 0.x 060 AA
Minimum
Maximum

-a.&,&  m[ 843 0.29 4.lO d,3$&‘?f D.16 -a17 b.xy ,0,77 D./~imil a?,?fj

Notes:



, Screen # 9
Screen Diameter

Exposed
Submerged

Chandler Fish Screening Facility Flow Measurements

(in) .‘(* 2-

(in) 5
(in) _ ’‘0 F

7/.? L 7/2 7
Forebay  Elevation & $0. ( - 6 30. 0

Canal Flow 110 CJ  - /a 3 .rc f 5

., ; . ,
Date I- * - a 7,’ i”

Persontiel  24 .‘pfi*
,

/qoq ‘/&7
(307

I

2

s
7-t
?.?
-32

9 11
7T
:?
T-7
)1

Average I.10 O.‘@-#I  0.35 0.37 0.22 r&o*3f
Minimum
Maximum

N o t e s :  fir
i o3 b;qcl r;7 s;(i /!, do :“‘I / o,v2 &x+!m h&y up/b~‘e~/n -d, m 7,&/.+5



Chandler Fish Screening Facility Flow Measurements

,’ Screen #

Forebay  Elevation 6 3. ! Dale y2L./ >7i

Screen Diameter (in) /6 -J- Canal Flow llao ex’ Personnel 2% “/d?-

Exposed (in).p/

Submerged (in) /o 8

Locatior-1  U @ L I U 1.U~ c L 1.u C L 1-U C L I

0.2
A -v
TE 0.l
z xi
a .i o.?-
J?u

0.
P3
0 . 3
0.

~

4. _
Od

,o.
0.

Avera e ./7 61./g -0. 1 r.7.1  l.l.6 01 0.i:~ j.si

~~~~~~

Notes:



, ’ Screen I I ’

Chandler Fish Screening Facility Flow Measurements

Screen Diameter (in)/62
Exposed ( in)  e

Submerged (in) /o 8

Forebay  Elevation 63011 _
Canal Flow /fa c 6

Average 1.2.3 ,& -@.I$ 030 /Minimum /I? 0-I -@-2 013 0. .,;

Maximum 1.7 45,Z -@.I 0.3 f-/ 043 * 0~3

Notes:

. ,.



Chandler Fish Screening Facility Flow Measurements

Forebay  Elevation L- 2 --J ! Dab ;- *‘:‘-$  ‘3 ;

-.I!&-

Screen Diameter (in) :;.L \ C a n a l  F l o w  /I

Screen # Exposed (in) -s;u

Submerged (in);dY

Average I,27 k/4 4 b 0.3
Minimum p?.- c%/ -&I 0.3

, Maximum h 3 0.2 -d/ 0,s

I.

Notes:



Chandler Fish Screening Facility Flow Measurements

Forebay  E l e v a t i o n  ‘* ^r-3

I3
Screen Diameter (in) !i& z Canal Flow //6-o c

, ’ Screen # Exposed (in) 5 ”
Submerged (in)T

Date F-/L+&-

Personnel >>‘C-A  ‘f-e -

Location 1 U @ L
1 Depth 1 0.2 I

Average /.oV 610 -&ft  0,s
Minimum Si 0.1 -02 OS3 .

Maximum I,/ fl,/ -d./ 0,;

Notes:



Chandler Fish Screening Facility Flow Measurements

Screen Diameter (in)
Exposed (in) fl

Submerged (in) f0g

Forebay  Elevation 2.50. ’

Average I.~~&?Q%.,w  b.3 1,~ b.f,f?  v,oj 6,
Minimum/.?-- 0.2 -nt 0.3 0.4 0.1 -0.1

Maximum /,3 e.2 -0 I o,? I,/ 02 8

Notes:



Chandler Fish Screening Facility Flow Measurements

7/h ?A 7
Forebay  Elevation ha. 1 - 63o*b Date -//r 4.0 ?i’W

6

Screen Diameter (in) /G Z Canal Flow Ilo- - /03?Cf;
r

Personnel ‘W. :.y/~ y--
,’ Screen # Exposed (in) FY r

Submerged (in) /o $

II c

0.8

!O,A !& 10
A0 0. I

EB
069 0. 0
*do.  0

-y-y-c

L

63

0,sE040-Y

2

zj
z

c!.L

u c L -i-

s
77
1.
yz
7,2
z-7-
&
.,; .’
),,-
;;I

-i
-ii7
A
z

:?I*:.
rJ*A
2
:r.:
_I?, e-L
&
_: 5
l;c
r-2-

Minimum
*verwe  I.02 0.6 -u&s 56 ml

Maximum

Notes:



Chandler Fish Screening Facility Flow Measurements

Forebay  Elevation &dQ 3fiJbz.

Screen Diameter (in) / & L Canal Flow 1100 - /0?7r &

,’ Screen # -tL E x p o s e d  ( i n )  93
Submerged (in) / 0 8

1. 0,
,#$I 0 0.q

1 4 0 4-g

I
I/.zlr#31 -

5 1/.21&d,3.1 0.3

6 t. t Q.2 0-j &g

7 /./ 4.2 0 @q
8 /. 2 9.3
9 .2 t

I, ,O ,/,;z ,;&fg Ek

No& 02
0. -t&j
0.L VaY

4.3
a 3
b
0
P Y

ii

0.9
0.
6.
0.
b/,3

Average jet2 9.~3 PO3 b.fi 0.41 0.47 6~33 a3#- /ti?o*4q  Afs oati.
Minimum

Maximum

Notes:



,’ Screen # 17

Chandler Fish Screening Facility Flow Measurements

Screen Diameter (in) /L e
Exposed (in) JL/

Submerged (in) /o ?

Forebay Elevation b so*/
-Vz7

- d j3,0

C a n a l  F l o w  /foU - /o.~7cfj

Location 1 U C L
D e p t h  1 0.2

Average I.27 o.yI -0./t 0.5.. ~.?b 3,&-0.Pba174
Minimum

Maximum

O.b3 0.7o)DJ’t  0-Q J,rr; 0.27 QJO  o,c;o o.sg aa a/J h.Q

Notes:



Chandler Fish Screening Facility Flow Measurements

Forebay  Elevation .‘. -’ YL ’ Date --;‘2 5 .;g.z

Screen Diameter (in) {AC2 Canal Flow l/o0 a& Personnel A4.9 / /Ifi 7

Screen # /B Exposed ( in)  b-”
Submerged (in) /,‘r’

Minimum I./ 0,,,2-  -O.t ~73.
Maximum /,3 (3,3 -A/ O,s(



Chandler Fish Screening Facility Flow Measurements

0

N
w

,’ Screen #
Screen Diameter (in) ‘A?.-

Exposed  ( i n )  .c’-’
Submerged (in) ’ 3 ir;

Forebay Elevation <,= 3, !
Canal Flow // &a c@

Date -?‘: b/e

Personnel &At /#XT-

Location 1 U (c) L

6 /, /
7I /./
8 /./
9 1-z
10 1.x

0.2
A
zz
r.3
o.‘j-
0.3
d.:
0‘ 3
o-3
z
0 2
012

Y
0.l
0.1
-z
o,(
z
d.;l
z-
0 . 2
OJ-
0.1-

U*J
3

Average /. 17 lhd -4 12 w/j
Minimum X / c,!.i ,fl,p r)*q

M a x i m u m  /s? C’,j fi 15.5

Notes:



Chandler Fish Screening Facility Flow Measurements

Dale if& p=

Personnel ?f$% ! fd--
Forebay  Elevation f

Screen Diameler (in) lb Z- Canal Flow-

0.5

Notes: &p&? &- -S”“p/A~ aLI; ‘d 0*&L e



-.

Chandler Fish Screening Facility Flow Measurements

Forebay  E l e v a t i o n  / 2& 1’ D a t e  a/zdfl
Screen Diameter (in) 16 2

’ Screen # 2j

Canal Flow-

Exposed ( in)  J-*
Personnel 543 .fjrfiT

Submerged (in) 3s

~~~~~~1

Notes: fVd/C vcc.t#

.



Chandler Fish Screening Facility Flow Measurements

Forebay  Elevation 6 30. /
Screen Diameter (in) 16 ‘L Canal Flow / /OO c 6

,‘Screen# 22 Exposed  ( i n )  5Y
Submerged (in) /OS

10

t
Average LO.5 636 -8. II ,w-~~ 6bS 0.a -@,d #.Sf Q,q7 6% &&,Q
Minimum

Maximum

Notes:



Chandler Fish Screening Facility Flow Measurements

Forebay  Elevation 6 30, /

Screen Diameter (in) IdL ,’ C a n a l  F l o w  //oZ, - 1 o37c f5

,’ Screen # 2.y Exposed (in)7
Submerged (in) /OS ”

Average ::,‘i’ .?;+I  -21) 0.4 $,# D.cl&t~ b&l 1
Minimum

Maximum

Notes: $323; )(=+-9
‘I - t5

Q-i;  x:-J,&
‘i.. Jr

Ir /prP y= -\/ sis: ‘A ., - v

y’ 4A ‘j: 111

grfq~f~‘ VfcBdf’fljj  feztod I.<‘.,JI;~  J) 0.2 2 j+‘-~fbulnw a71

5LfNA  t+z;3  ou{ Lt jW~CC~



Chandler Fish Screening Facility Flow Measurements

Forebay  Elevation 6 30. / Date v ,-‘d&

Screen Diameter (in)

+k=

Canal Flow jlo-0 64 Personnel Q.&A,/ lor, T

Exposed (in)

~~~~~~~,~,

Average /, /?
Minimum
Maximum

Notes:

-I R I’, Urs\ffb;r.\



Chandler Fish Screening Facility Flow Measurements

,.gYh-& 2 Screen Diameter (in)
Exposed (in)

Submerged (in)

Forebay  Elevation L30-/
Canal Flow //m CtG

Date - ‘- b ‘9 .I

Personnel ,?,&3 /p5 ,r
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Chandler Fish Screening Facility Flow Measurements
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Chandler Fish Screening Facility Flow Measurements

L-.
Forebay Elevation

spp rJ--
sa upp- ‘T*-5ut

Screen D m er (in)

M

C a n a l  F l o w  ,!T32  &

E osed (in)
Sub e ed (in)

Notes:

08 2 5 I/i” &VW ‘jk,,
f

,I

6. e ; 7s ff f& !C‘,~(C.. ’



__

Chandler Fish Screening Facility Flow Measurements
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Chandler Fish Screening Facility Flow Measurements
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Chandler Fish Screening Facility Flow Measurements

59
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APPFMDIX  Q

EASTON SCREENS RAW DATA SHEETS

This appendix contains the raw data sheets for flow measurements taken at
the Easton Screens on June 14 and 15. 1989. Page D.2 shows the
calculations made to position probes at the proper depths and the raw data
from measurements taken with a unidirectional flow meter. Raw data for
measurements taken behind each of the drum screens with a bidirectional
flow meter are found on pages D.3 through D-11.
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EASTON SCREENS FLOW MEASUREMENTS
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EASTON SCREENS FLOW MEASUREMENTS

DATE
TIME START
TIME STOP

SCREEN d /
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EASTON SCREENS FLOW MEASUREMENTS

DATE: c// r/kf
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EASTON SCREENS FLOW MEASUREMENTS
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EASTON SCREENS FLOW MEASUREMENTS
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EASTON SCREENS FLOW MEASUREMENTS
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EASTON SCREENS FLOW MEASUREMENTS
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EASTON SCREENS FLOW MEASUREMENTS
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EASTON SCREENS FLOW MEASUREMENTS
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EASTON SCREENS FLOW MEASUREMENTS
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